Introduction
November and December of 2015 were removed from the analysis, the drops in PM2.5 1 concentrations from 2014 to 2015 would be 21%, 25.3%, 16.8% and 34.9% for Beijing, 2
Langfang, Baoding and Shijiazhuang, respectively, indicating the impact of the unusual increases 3 in December on the annual means for these cities. Northern China 7 8 Regionally, the monthly mean PM2.5 concentrations in December 2015 saw a large increase 9 compared to the same month in 2014, ranging from 163% to 18% (Table 1) in Northern China. 10 Beijing had the largest increase of 163%, jumping from approximately 58 µg m -3 in 2014 to 151 11 µg m -3 in 2015 (Fig. 2) . For the city of Langfang neighboring South Beijing, the December 12 increase in PM2.5 concentration was 70%, changing from approximately 97 µg m -3 in 2014 to 165 13 µg m -3 in 2015. Other Pollutants were seen the similar increases as well ( can be inferred that the emission reduction measures implemented in the region was effective 6 in bringing the averaged concentrations of major pollutants down from 2014 to 2015, except 7 for the last two months. In next session, the meteorological conditions for the last two months 8 of 2015 will be analyzed in details to elucidate the reasons for this dramatic increase in 9 Northern China. 10 
Meteorology Factor Analysis

11
Previous studies have shown that a major factor controlling the pollutant accumulation is 12 the atmospheric stability in association with the convergence at lower levels, which leads to the 13 gathering of the polluted air from the surrounding areas and prevents pollutants from diffusing 14 away from the source regions [LIAO et al., 2015; C WANG et al., 2013; ZENG et al., 2014] . 15 Therefore, the location of the convergence zone is critical in identifying the meteorological 16 conditions that are favorable or not for the formation of heavy pollution. ( Fig. 4b) . It is also clear that the increase is high along or on the north side of the line (Fig. 4b)  11 and the decreasing trend is on the south side of the line. Table 2 In Beijing, the WSCL shifting in 2105 not only increased the SWF but also changed the 9 wind directions. It is shown from Figure 5 that the north-west winds that usually diffuse the air 10 pollution away from Beijing were reduced by about 16% in November and December of 2015 11 compared to the same period in 2014, while the south-west and north-east wind frequencies 12
were increased by 11% that brought air pollution to Beijing. Compared to Beijing, the city of 13
Shijiazhuang was not seen such a large change (Fig. 5) . The SWF in Shijiazhuang was reduced, 14 The second consequence of the WSCL shifting is the northerly movement of moisture 9 from the South. Figure 6 shows the averaged relative humidity (RH) for November and 10
December of 2015 (Fig. 6a) and changes from 2014 (Fig. 6b) . It is obvious that as the shift of the 11 WSCL to North, the RH increases are primarily on the north side of the WSCL with an increase of 12 more than 27% in Beijing (other cities in Table 2 ). The impact of increasing RH has an adverse 13 influence on the visibility under the same loading of particulate matters and also promotes the 14 formation of secondary formation of particulate matters from gaseous species. Because of the 15 WSCL shifting, the increase of RH in Shijiazhuang was even larger than that in Beijing, at about 16 30%. Researches [Chang et al., 2009] have shown that the extent of SO2 oxidation to sulfate 17 and NO2 oxidation to nitrate increased with the increase of relative humidity during both of the 1 episode daytime and nighttime pollution in Taiwan. Gund et al. [1991] found that the oxidation 2 rate of SO2 to sulfate could increase by about 10 times if the RH increased from 40 to 80% in 3 sea-salt aerosols. If NO2 (SO2:NO2 = 1:1) was added to the gas phase, the rate for example at a 4 RH of 40% -could be increased by 24 times, indicating the enhanced conversion tendency of 5 SO2 to PM2.5 by both RH and NO2 [Gund et al., 1991] . Though the detailed mechanism of this 6 enhanced oxidation in Northern China needs further study, the increased RH may partially be 7 attributed to the decreases of SO2 during the heavy pollution months in 2015 winter as 8 compared to the same period of 2014 (Table 1) . 9 meteorological data analysis (Fig. 3) , which indicates the more stable zone moving to closer to 1 southern Beijing. From the modeling results, it can also be found out that the PM2.5 difference percentage 1 due to meteorological difference between December 2014 and 2015 for the major cities in 2 Northern China is in the range of 40-180% (Fig. 7b) , a system-wide negative impacts on air 3 quality in the region in 2015. This simulated difference is a comprehensive consequence of the 4 meteorological impacts, including the circulation, dispersing ability, deposition, transports and 5 chemical reactions. 6
It is well known that the PM2.5 concentrations are determined by three major factors: 7 emissions, meteorology and atmospheric processes. Given that the degree of meteorological 8 impacts was simulated by the model as well as the observed differences between December 9 2014 and 2015 were known, the impact from emission changes can be inferred from the 10 observed differences and the simulated meteorological impacts. 11 Table 3 (162%), it can be estimated that emission control would contribute about 8% in the mitigation 1 of PM2.5 in Beijing. The emission control effects varies from city to city, ranging from 8% in 2
Tianjin to about 40-50% in Langfang and Baoding (Table 3) . 3 4 The meteorological data analysis and modeling study of 2015 winter heavy haze pollution 8 episodes were carried out to explore the causes of the unusual increase of haze (PM2.5) in 9
November and December. It is found out that the monthly mean PM2.5 concentrations in 10
December 2015 saw a large increase compared to the same month in 2014, ranging from 163% 11 to 17%. As unusual atmospheric circulation in winter 2015 (El Niño event), the warm and wet 12 flow has been enhanced in North China and the WSCL has shifted northerly compared to that in 13 2014. The SWH and RH increase 7 and 27% in Beijing, respectively. These changes of 14 meteorology brought more static stable weather, which was the primary responsibility for 15 degradation of air pollution in winter 2015. Modeling analysis further confirmed that the 16
